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Abstract
·AIM:Toevaluatedifferencesinflapthicknessresulting
fromuseofanAlconWavelightFS200femtosecondlaser
andaMORIASBKmicrokeratomewhenmakinga
110-滋m-thickcornealflapandtoidentifythepotential
factorsthataffectcornealflapthickness.
·METHODS:Aprospectivecasestudywasperformed
on120eyesof60patientswhoweredividedintotwo
groupsforLASIK,eachgroupconsistingof60eyes(30
patients).ThecornealflapswerecreatedusinganAlcon
WavelightFS200femtosecondlaseroraMORIASBK
microkeratome.Thecentralcornealflapthicknesswas
calculated by subtraction pachymetry. Age, central
cornealthickness(CCT),sphericalequivalentrefraction,
meankeratometry,andcornealdiameterwererecorded
preoperativelyforanalysis.
·RESULTS:Cuttingofallflapswaseasilyperformed
without intraoperative complications. In the Alcon
WavelightFS200femtosecondlasergroup,themean
rightandleftcornealflapthicknesseswere114.0依6.6 滋m
(range:98-126)and111.4 依7.6 滋m (range:98-122),
respectively.Thedifference (2.6依9.1 滋m)inthecorneal
flapthicknessbetweentherightandlefteyeswasnot
significant( =1.59, =0.12).Stepwiseregressionanalysis
indicatedthattheresultingcornealflapthicknesswas
unrelated to the patient's age, preoperative CCT,
sphericalequivalentrefraction,meankeratometry,or
cornealdiameter.IntheMORIASBKmicrokeratome
group,themeanrightandleftcornealflapthicknesses
were110.6依7.4 滋m(range:97-125 滋m)and108.2依6.1 滋m
(range:78-123 滋m),respectively.Thedifferenceinthe
cornealflapthicknessbetweentherightandlefteyes
(2.4依6.5 滋m)wasnotsignificant( =2.039, =0.0506).The
cornealflapthicknesswaspositivelycorrelatedwiththe
preoperativeCCTthroughstepwiseregressionanalysis
( =0.297, =0.021).Thecornealflapthicknesswasnot
relatedtoage,sphericalequivalentrefraction,mean
keratometry, or corneal diameter. The corneal flap
thicknesswasestimatedusingthefollowingequation:
Tflap=67.77+0.076CCT( =5.63, =0.021).
· CONCLUSION: Both the Alcon Wavelight FS200
femtosecondlaserandtheMORIASBKmicrokeratome
produced110-滋m-thickcornealflaps.Thecentralcorneal
flap thickness was positively correlated with the
preoperativeCCTinMORIASBKmicrokeratomesurgery.
·KEYWORDS: cornealflapthickness;femtosecondlaser;
laser keratomileusis;microkeratome
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INTRODUCTION
O
verthepastdecades,laser keratomileusis
(LASIK)hasbecomethemostcommonrefractive
procedureforthecorrectionofrefractiveerrors
[1-3].Creatinga
successfulcornealflapisthefirstcriticalprocedureduring
LASIKsurgery.Twotechniquesareusedtoproducecorneal
flaps duringLASIKsurgery:amicrokeratomeanda
femtosecondlaser
[4,5].Theconsistencyandpredictabilityof
thecornealflapthicknessiscrucialinproducingsuccessful
LASIKoutcomes.Thecornealflapthicknessisdirectly
relatedtoLASIK predictabilityandsafety;therefore,
methodsthatimprovethepredictabilityandminimizethe
degreeofvariationincornealflapthicknessareworthyof
attention
[6-8].Inthisstudy,wecomparedthecornealflap
thicknessresultingfromtwo myopicLASIKsurgery
procedures,oneusinganAlcon WavelightFS200
femtosecondlaserandtheotherusingaMORIASBK
microkeratome,in120eyesof60patients.Thisstudy
evaluatedthepredictabilityandcomparabilityofthecorneal
flapthicknessmadebythetwomethods,whichwas
measuredusingA-typeultrasonicpachymeter.Theaverage
thicknessofthecornealflapwasrecorded,andfactorsrelated
tocornealflapthicknesswereevaluated.
273SUBJECTSANDMETHODS
Subjects
Generalinformation Thisprospectivestudyincluded120
eyesof60patients(28males,32females),ranginginage
from18to48y.AllpatientshadLASIKsurgerybetween
JanuaryandMarchof2012attheRuijinHospitalaffiliated
withShanghaiJiaotongUniversitySchoolofMedicine.The
cornealflapswerecreatedusinganAlconWavelightFS200
femtosecondlaseroraMORIASBK microkeratome.
Patientsweredividedintotwogroupsdependingonthetype
ofsurgery received:femtosecondlaser surgeryor
microkeratomesurgery.Thepatientswereequallydivided
betweenthesetwogroups, 30casesforeachsurgery
type.
Inclusioncriteriaincludedthefollowing:age18-50y,
preoperativesphericalrefractionof-2.00to-12.00D,
refractivecylinderoflessthan-3.00D,astablerefractive
statefor2y,anintraocularpressure(IOP)of<21mmHg
(where1mmHg=0.133kPa),andatleast2or4wkwithout
softorhardcontactlensesrespectively.Exclusioncriteria
includedthefollowing:ahistoryofsystemicautoimmune
diseases,ahistoryofdiabetes,otherophthalmicdisorders,a
historyofoculartrauma,andsurgicalhistory.
Methods PriorapprovalbyethiccommitteeofRuijin
Hospital(ShanghaiJiaotongUniversitySchoolofMedicine)
wasobtainedaccordingtotheDeclarationofHelsinki.The
participantswereinformedaboutthepurposeofthestudy
andgave informedconsentbeforeinclusion.Patients
underwentafulleyeexaminationbeforeLASIKsurgery,
includingevaluationsoftheiruncorrectedvisualacuity
(UCVA),best-correctedvisualacuity(BCVA),IOP,corneal
curvature,cornealdiameter,cornealthickness,anteriorand
posteriorcornealsurfaceheight,cornealtopography,
refractionandslit-lampanteriorsegment, andfundus
examination.Preoperativeandintraoperativecorneal
thicknessmeasurementswereperformedusingaDGH550
A-typeultrasonicpachymeter(DGH).Thecornealcenter
pointwasselectedforthemeasurements.Thecorneal
thicknessmeasurementswereperformed10times,andthe
meanvaluewasrecorded.Thedataofcornealdiametercould
beobtained fromexaminingcornealtopographywith
Pentacam.
Patientsweredividedintotwogroupsbasedonthetypeof
surgerytheyreceivedtocreatethecornealflap:theFS200
femtosecondlasergroupandtheSBKmicrokeratomegroup.
Thefemtosecondlaserhadabadenergyof0.65mJ,witha
side-cutenergyof0.8mJandarepetitionfrequencyof
200kHz.Myopiastromalablationswereperformedusingan
AllegrettoWaveEye-Qexcimerlaser(WavelightCompany,
Germany).Thewavelengthandenergyintensityofthe
excimerlaserwere193nmand180mJcm
-2,respectively.
Thesurgeryprocedurewasasfollows.Topicalanesthesia
and2%propoxyphenetetracaineeyedropswereapplied,
alongwithroutinedisinfectionandshoptowels.Aneyelid
holderwasusedtoopentheeye.Asuctionringwasapplied
totheeyetoholditinplaceandaaluminiumconewas
movedtocontactandfastentoit.Surgeryusingthe
femtosecondlaserormicrokeratomewasusedtocreatethe
cornealflap.
Formicrokeratomesurgery,thepediclepositionwassetto
thenasalpediclewidth.Theflapwasopenedwiththe
microkeratome,andthecentralcornealstromalbedthickness
wasmeasured.Thiswassubtractedfromthepreoperative
cornealthicknesstocalculatethethicknessofthecorneal
flap.
ForsurgeryusingtheFS200femtosecondlaser,thefirst
measurementofthecornealthicknessandthecornealflap
designparameterswereenteredintothecomputer.The
thicknessofthecornealflapwassetto110 滋m.Thepedicle
positionwassettothenasalpediclewidthsettings(3.5mm),
andtheflapdiameterwassetto8.5mm,witha70毅 angled
sidecut.Thesuctionringwasappliedforeyefixation.Once
theflapwascreatedandopened,thecentralcornealstromal
bedthicknesswas measuredandcomparedwiththe
preoperativecornealthicknesstocalculatethethicknessof
thecornealflap.
Thecornealstromawasthenablatedbytheexcimerlaser.
Thecornealbedwasrinsed,andthecornealflapreset.
Antibioticanti-inflammatorysalineeyedropswereused
duringrecovery.
StatisticalAnalysis Levene'stestwasusedtodeterminethe
consistencyofthepreoperativedatawithanormal
distribution.Allresultsshowednormaldistributionsbythe
Kolmogorov-Smirnovmethod.Preoperativebaselinedata
werecomparedusing one-wayanalysisofvariance
(ANOVA).Thecornealflapthicknessfortheleftandright
eyesofpatientsineachgroupwerecomparedusingapaired
-test.Thecorrelationbetweenthecornealflapthickness,
flap-creationmethod,andotherrelevant factors were
analyzedusingstepwiseregression.Thedatawereanalyzed
usingMicrosoftExcel(MicrosoftCorp.,Redmond,WA,
USA)andSPSSVersion11.5(SPSSInc.,Chicago,IL,USA)
statisticalsoftware.A -valueof0.05wasconsidered
statisticallysignificant.
RESULTS
Thepreoperativecharacteristicsofthepatientsinbothgroups
aresummarizedinTable1.
AverageThicknessRangeoftheCornealFlapCenter
FS200group Theaveragethicknessoftherightcornealflap
centerwas114.0依6.6 滋m(range:98-126 滋m).Theaverage
thicknessoftheleftcorneaflapcenterwas111.4依7.6 滋m
(range:98-122 滋m).Thebinocularaveragecornealflap
thicknesswas112.7依7.2 滋m.Thedifferenceincornealflap
thicknessbetweentheeyeswas2.6依9.1 滋m,whichwasnot
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statisticallysignificant( =1.59, =0.12).Theaverage
thicknessofthecornealflapcenterandtherangeofcorneal
flapthicknessaregiveninTables2and3,respectively.
GroupSBK Theaveragethicknessoftherightcornealflap
centerwas110.6依7.4 滋m(range:97-125 滋m).Theaverage
thicknessoftheleftcorneaflapcenterwas108.2依6.1 滋m
(range:98-123 滋m).Theaveragecornealflapthicknesswas
109.4 依6.8 滋m.Thedifferenceincornealflapthickness
betweeneyeswas2.4依6.5 滋m,whichwasnotstatistically
significant(=2.039, =0.0506).Theaveragethicknessof
thecornealflapcenterandtherangeofcornealflapthickness
aregiveninTables2and3,respectively.
StepwiseRegressionandCorrelationAnalysis
FS200 corneal flap thickness and factor analysis
Stepwiseregressionrevealedthatfactorsincludingthe
pre-operativecornealthickness,age,curvature,corneal
diameter,diameterofthecornealflap,andrefractionwere
unrelatedtothicknessofthecornealflap.
SBKcornealflapthicknessandfactoranalysis In
stepwise regressionanalysisoftheSBKcornealflap
thickness,only the pre-operativecornealthickness
significantlypredictedcornealflapthickness;age,curvature,
cornealdiameter,anddiameterofthecornealflapwere
unrelated.Theresultingequationwasasfollows:T flap=
67.77+0.076CCT(=5.63, =0.021).Correlationanalysis
showedthatthecornealflapthicknessandthepre-operative
cornealthicknesswerepositivelycorrelated(=0.297, =
0.021)(Figure1).
DISCUSSION
Productionofamoderate-sizedcornealflapwithuniform
thicknessisimportantduringLASIKsurgery.Inrecentyears,
therehasbeenatendencytocreatethinnercornealflaps
rangedfrom100to110 滋m
[9-11].Thethincornealflaphasthe
advantageofpreservingmoreofthecornealstroma,which
avoidstheonsetofectasiaaftersurgery,anditalsoallowsfor
treatmentofarelativelyhighdegreeofmyopia.Atpresent,
therearetwomethodsusedtoproducethethincornealflap;
onemethodusesafemtosecondlaser,andtheotherusesa
microkeratome.Eachapproachhasadvantages and
disadvantages.
Thefemtosecondlasercornealflaphastheadvantageof
producingacornealflapinwhichthethicknessisthinand
uniform,theflapdiameterisadjustable,thepedicleposition
widthandsidecutanglecanbearbitrarilyset,andthereare
relativelyfewcomplications.Thedisadvantagestothis
techniquearethehighcostofsurgery,thedevelopmentof
bubblesduringtheprocedureinthecorneallayerandanterior
chamber,whichmayaffectpupiltracking,andthe
requirementofaslightlylongersuctiontime(20-30s)which
maycausedamagetotheretina
[12,13].
Microkeratomecornealflapsurgeryhastheadvantageoflow
cost,shortsuctiontimes(<10s),andtheabsenceofbubbles
intheanteriorcorneallayer.However,thedisadvantages
includepoorcornealflapthicknessuniformity,greater
variationinthickness,andtheinabilitytoarbitrarilysetthe
flapdiameter,pediclelocation,pediclewidth,orsidecut
angle,whichmayincreasetheriskofepithelialcellingrowth
andtheprobabilityofcomplicationsassociatedwiththe
cornealflapsuchasirregularities,astigmatism,buttonholes,
andfreecaps
[14].
Table 1 Preoperative demographic baseline characteristics of the two groups of patients 
Group  Age (a)  Refraction (D)  CT (μm)  CHD (mm)  CC (D) 
FS200  27.9±5.9  -6.31±2.13  552.3±28.8  11.68±0.36  42.75±2.71 
SBK  28.7±8.0  -5.83±2.27  547.1±26.7  11.69±0.32  43.50±1.18 
F  0.3826  1.2019  1.0370  0.2145  1.980 
P  0.7034  0.2318  0.3018  0.8305  0.051 
(One-way ANOVA). CT: Corneal thickness; CHD: Corneal horizontal diameter; CC: Corneal curvature. 
Table 2 Comparison of corneal flap thickness of FS200 and 
SBK procedures between bilateral eyes                 µ m  
Flap thickness value in both eyes 
Group 
Right eyes  Left eyes 
t  P 
FS200  114.0±6.6  111.4±7.6  1.59  0.12 
SBK  110.6±7.4  108.2±6.1  2.039  0.0506 
(Paired t-test). 
Table 3 Variation in corneal flap thickness of FS200 and SBK Moria 
microkeratome procedures                                µ m  
Maximum  Minimum 
Group 
Right eye  Left eye  Right eye  Left eye 
Difference 
FS200  126  122  98  98  28 
SBK  125  123  97  98  28 
 
Figure1Correlationanalysisofthecornealthickness( 滋 m)
andcornealflapthickness (滋m)usingSBKmicrokeratome
surgery ( =0.297, =0.021;stepwiseregression).
275Severalarticleshaveexaminedthefemtosecondlaserversus
mechanicalmicrokeratomeincreatingthincornealflaps.
Gil-Cazorla
[15] comparedtheIntralaseFS60with
MORIAM2microkeratomeflapcreation.Although,there
wasnodifferenceinsafety,therefractiveoutcomeswith
FS60werebetterat3moaftersurgery.Theprevioustwo
studiesalsousedanIntralaseFS60femtosecondlaseranda
MORIAM2microkeratometodoacomparisonusingan
anteriorsectionOCTexamination
[16,17].In1440measurements
pointsof72eyes,themaximumerrorforthefemtosecond
laserandmicrokeratomewere7滋 mand26 滋m,respectively,
adifferenceofnearly20 滋m.Withthefemtosecondlaser,the
thicknessvariedby0.42%,whereaswiththemicrokeratome,
itvariedby15%.Thus,femtosecondlaserflapcreationwas
moreuniformandaccurate.Cummings'studyprovidedan
evidenceofthepredictabilityandlowervariabilityofLASIK
flapscreatedusinga200kHzfemtosecondlaser
[18].
Chen
[19] performedameta-analysiswithanIntralase
femtosecondlaserandmechanicalmicrokeratome.No
differencewasobservedinthesafetyorefficacyofthetwo
techniques;however,thecornealflapthicknesswasmore
predictablewiththefemtosecondlaserandmightinduce
feweraberrations
[20-22].Althoughmanycornealepithelialcells
weredamagedbythemicrokeratomeduringtheoperation,
therewerenostatisticallysignificantdifferenceindry-eye
betweenamicrokeratomeandafemtosecondlaser
[23];
however,morediffuselamellarkeratitis(DLK)andcorneal
hazeoccurredafterfemtosecondlaser-assistedLASIK
[24-26].
Inthisstudy,forboththeFS200andSBKgroups,the
differencesintheaveragethicknessofthecorneaflapcenter,
thebinocularaveragecornealflapthickness,andthecorneal
flapthicknessbetweeneyeswerenotstatisticallysignificant.
Bothmethodsproduced110-滋m-thickcornealflaps,andboth
methodsweresafeandeffective,withoutsignificant
complicationsaftersurgery.However,theresultsofthestudy
havesomelimitations.Onlythecentralcornealflapthickness
wasmeasuredandnottheperipheralcornealflapthickness.
Becausethemeasurementofcornealstromalbedthickness
wascarriedoutduringsurgery,wecouldnotmeasurethe
numberofpoints.Ifwediditwouldinevitablybringtherisk
ofinfection.VonJagowandKohnen
[27] reportedthatthe
thicknessoftheflapsproducedbytheIntralasefemtosecond
laserandZyoptixXPmicrokeratomewerenotsignificantly
differentfromanteriorsegmentOCTmeasurementsofthe
cornealflapthicknessatvariouspoints. However,
measurementsoftheperipheralcornealflapthicknessfound
thatthefemtosecondlaserwasmoreaccurateandmore
predictable.
Kim
[28] analyzedtheimpactofvariousfactorsonthe
femtosecondlasercornealflapthicknessincludingthe
patient'sage,refractiveerror,cornealcurvature,andcentral
cornealthickness.However,theresultsindicatedthatthese
parameterswerenotrelatedtoflapthickness.Measurements
oftheradialarea1.5mmfromthecornea'scenterweremore
accuratethanthoseintheperipheralareas,ata3-4mm
radius.
Inthepresentstudy,followingFS200surgery,correlational
analysisshowedthatcornealflapthicknesswasnotrelatedto
thepreoperativecornealflapthickness,age,refractiveerror,
cornealthickness,curvature,diameter,orflapdiameter.
However,correlationanalysisontheSBKresultsindicated
thatcornealflapthicknesswaspositivelyassociatedwith
preoperativecornealthickness( =0.297, =0.021),although
age,preoperativespherical-equivalentrefraction,corneal
curvature,diameter,andflapdiameterwereunrelatedtoclap
thickness.Thus,preoperativecornealthicknessmustbe
consideredbeforemicrokeratomesurgery,butthisisnota
concernforfemtosecondlaser-assistedLASIK
[4].
Inconclusion,theintroductionoffemtosecondlasersforthe
productionofcornealflapshasbroughtsignificant
improvementtotheaccuracyofcornealflapproduction.
VaddavalliandYoo
[29] summarizedthisbystatingthatthe
femtosecondlaser wascapableofcreatinguniform,
predictablecornealflapsthatcouldbepersonalizedindesign;
additionally,theside-cutanglecouldbevariedatthe
operator'sdiscretion.Obviousadvantageswerethatthicker
flapsresultedindecreasedstromal-bedthickness,which
increasedtheriskforinterlayercloudinessandiatrogenic
cornealectasia.Therefore,patientsshouldbecarefully
evaluatedforproperdesignofthecornealflaptominimize
post-operativecomplicationsandtheneedforadditional
surgery.
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